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(54) HIGH STRENGTH STEEL FOR WELDING STRUCTURE HAVING EXCELLENT BASE 
METAL TOUGHNESS AND HAZ TOUGHNESS AND PRODUCTION METHOD THEREFOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide high strength steel for welding structures which has 
excel lent base metal toughness and HAZ(heat affected zone) toughness, and to pro vide a 
production method therefor. 

SOLUTION: The high strength steel for welding structures having excellent base metal 
toughness and HAZ toughness has a composition containing by mass, 0.01 to 0.2% C, 0.02 to 
0.5% Si, 0.3 to 2% Mn, <0.03% P, 0.0001 to 0.03% S, 0.0005 to 0.05% Al and 0.003 to 0.05% Ti, and 
further containing one or more kinds selected from 0.0001 to 0.01% Mg. 0.0001 to 0.01% Ca and 
0.0001 to 0.05% rare earth metals, and the balance iron with inevitable impurities, and also 
containing one or more kinds selected from Mg, Ca and rare earth metals and one or both of O 
and S, and in which grains having a grain size of 0.005 to 0.5 ^im are dispersed, there being > 
10,000 pieces per square mm. 
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(54) i^m<D^»} mtmittmmHAzmmzatnitmmsmmmmmm^i:zf't<omm^^ 



(57) [g^] 

im^^^l mM%T\ C:0. oi~o. 2%. s 
i:0. 02~0. 5%. Mn:0. 3~2%, P: 
0, 0 3%SX~f. S:0. 0001~0. 03%, A 
1:0. 0005~0. 05%. Ti:0. 003~ 
0 . 0 5 % Mg:0. 0001~ 

0. 01%, Ca:0. 0 0 0 1~0. 0 1%. RE 
M:0. 0 0 0 1~0. 0 5%0o*>im^rz\t2mSk 

ti^-D. Mg, Ca, REM© ia$fc(i2aj^A-hi:. 
O, S(D-:^*)t<ttM;^Sr-^*-, iS^gO. 0 0 5~ 
0. 5 wm Ta5SiK^;5t, Imm' SAcOlOOOOffla 



1 

C : 0. 0 1~0. 2%, 

S i : 0. 0 2-0. 5%. 

Mn : 0. 3~2%« 

P : 0. 0 3%ttT. 

S : 0. 0 0 0 1~0. 0 3%. 

A 1 : 0. 0 0 0 5~0. 0 5%. 

Tj : 0. 0 0 3-0. 0 5 %$-&WL. $e.fC. 

Mg:0. 0001~0. 01%, 

Ca : 0. 0 0 0 1 — 0. 0 1%. 

REM:0. 0 0 0 1-0. 0 5 iaSfc«2 

0. Mg. Ca. REM(D I m^fzlii2m&.± 

<h. o. so-:^fct<«iig:&s^<^. m^mo. oo 

5 - 0 . 5 wmT'fe^iK^iO^. 1 Bin' 0 1 0 0 0 0 

Cu : 0. 0 5-1. 5%. 

N i : 0. 0 5-5%. 

Cr:0. 02-1. 5%. 

Mo : 0. 0 2-1. 5%. 

V : 0. 0 1-0. 1 %. 

Nb:0. 0001-0. 2 %. 

Zr:0. 0001-0. 05%. 

Ta : 0. 0 0 0 1-0. 0 5%. 

B :0. 0003-0. 0 0 5 %(Do*> im^fzit2 

H A z mmzmnrzM^mmmmitmm. 

:7.y-i-'i hnm) hmmAmiz^i1riO-2 0 0un 
T^sil*^ 1 Tis 3 m^rni)^ 1 J^fcgB«®^t$*i9tt 
ijg^gPH A z mmzmntzmmmmmmmmmo 

r^zt^Wi^tt^m^m^tmm^HAzmmz^ 
nrz^^mmmmmmm(Dmmi5ii. 
im^me] m^minm4m^'rm^imizmm(D 
m<Dmmizioi,^x. mm^Ac, *tA±, 1 3 s o-ct^ 
Tizmmm. n^^^BMmi$.xmmBmL. ^^izmnu 
^Bi&^mzioi^^x^m&ymx4 0-9 oxommmm 



(2) ff 2 0 0 3 - 4 9 2 3 7 

2 

[»*S7} ig*«i:niS4(Ol/^-rn;0U]SlCt2e© 
^CDiJjgfCiSliT. ffl*i*Ac3 *t^±. 1 3 5 O'CfiJl 

yizmmm. n^^ai^^>^xmmi±ML. $?>ic*s^ 

fBi^^^lC4Dl,^T^a£ET$T4 0-9 0 %(DmMm 
^Ltz'{k. 1-6 0"C/sec©i^aJjiST-6 0 Ot:tATS 

T-?&aif 5 c t ^mwtt^mi^m'^m^^uA z ig 

10 [11*^8] il*ai75S4(Dt.i-rn;0US(ClBS(7) 
SiOSiglC4ot^T. ffli«$Ac3 .^SH.. 1 3 5 0^]^ 

Blrig^^(;*3l^T^ffll±T$T4 0-9 0%C7)iftraE3tt 
^Lfctt. 1 -6 Ot:/sec0?fJai)iST6 0 O-CWTS 
Ti^^L. 5l#Sil^T3 0 Or-Ac, .^ICM-ftLTM 

z mmzmfxtzm^mmmm'&mmoym'&iim. 

[0 0 0 1 ] 

'M^tLxn:<nm'^Wi.. 4 9 0MPa^$«L;«6i: 
-t^m\km^mmm\zfmK), ^i^\znL<\tmm'^ 
mm^viAzmmz^ntz^^m^mmm'&xs'^oim 
'A-:)5m\zmt^h<r>xh^, 

[0 0 0 2 ] 

[iS^oKffi] S^. ^S^. igrp\ rS^^jgti/^cCi'rtfe 

30 n^mwL(DYiAzm^<n\^±.\zmr^mnffi^^<m.^ 
■^nxttz. -mz. mm'ifk(Dm'^(Dtzib\z\tmm(D 

+MM'i^nmm-^nx^tz. ^(Dm:^\tA 1 n-^t 5 
Wi.E<D^mLX^'&t^mm^m\'^x. n^^oymmy^ 

4'{C7x^i' h(7):^±^-y-< hS^S^AL. fi||7x 

^otiimu<Dmjti3fkx\i. ^mfj,i)^imim<Dmmiz 
40 J; 'omms.j&wi<DmmMm^^^^!ii'mi)^^\^rz<o. 

fiPiirsKtgo^ift*^6ft^©7x^-r hJSgfifc^fb^J^ 

[0 0 0 3] mnt^uAzm^hmmrmti^x 

mmiz^^xmtj.^z.tf)^ii. m^mtimM t ^ a 

m±Ammm (20-15 okj/mm) ^^'njg^n^^^ 

50 ^'JiiPLTli^. ;tAl*i§g^<hM;feA.«iig^©iH«'\® 



(3) 

3 

f0 0 0 4] &.±0^otm^mii(D/'{yy^tiBm^ 

(Dn}$:&^mmz¥9mt^:itf}^^x<bn^. ^mm 

izu^m-^izit, m^(DmmE.M^i}m{^m=&m\^^^^ 

^n^x'^^-^mm^tiix<^ztA^'b. ^i^tmmtsL 

[0 0 0 5] mmrmm\d-y^'Mmf}imhmnx^ 
^tii^tLx. MTiMiX'bmmvizKimim'pmtm^ 
^^m^. m^tft. mm<DmxijmtLxiim(Dm 
mxmiz^^^xT I taiicDmrnytm^mmzmmr^:^ 20 
m^3b^^^. ^<(Dm-^\zmmi^m'p\zmi\:^(Dmm^ 
m^iiz.iom±fj.mim<D±iiSi^hrcit:itizJ:K)f)^ 
A. -D xm(Dm^m^mu i^«5tt*fgT$ -b-t L^ozt 

x^^^tj^^nxi^^f)^, f^*fli'itiTi^^:^ffiTij< iii 
ux(Dmtt(Dmmrw^. ^ ^bizimmxm^^^^^tM 
^(Df^^i^m±it^^±izm.± L 5 -5 iiE(DWimum{t 

^^xt,mMx$)^o 

[0 0 0 6] 30 

rsimm^m^iv. m^miitmrn^HAzmmzmnft 
^mmtt^hox^)^, 

[0 0 0 7] 

^(Dmmrmu^mmitL. mm\zizxm$>^^^\m± 
xmmm^ziii^xhmm'^H a z muo^mm r muhw 
mitb. mMm^tmm^HAzmmzmnrz^^m^ 40 
i^my^mm^m^x^ t^M.iiiL^^mizs.-^tch 

(DX\ -^(Dm^tt^tZ^it. UT(Dm<0X3i>^o 
[0 0 0 8] ( 1 ) C : 0 . 0 1 ~ 0 . 2 

%>Si:0. 02~0. 5%. Mn:0. 3~2%, 
P : 0. 0 3%JMT. S:0. 0001-0. 03 %, 
A1:0. 0005~0. 05%, Ti:0. 003- 
0. 0 5%^&^Wb, ^^\Z. Mg : 0. 0 0 0 1- 
0. 01%> Ca:0. 0 0 0 1-0. 0 1 %, RE 
M:0. 0 0 0 1-0. 0 5%©5-fe ia*fc«2«Bl 



2003-49237 
f)^-D, Mg. Ca. RE.M® l:a*/itt2atA±i. 

o. S(D-:fjhL<\m:fj^^^. S^go. oos- 

0. 5 /zm T'fe^S^;)^'. 1 mm' ^/cO 1 0 0 0 OiitA 

±^nLx\,^^ztmwLtt^miimittmiikmA 

z m\tizmntcM^mmmmmmmo 

(2) RS%-e, Cu:0. 05-1. 5%, Ni: 
0. 05-5%, Cr;0. 02-1. 5%, Mo: 
0. 02-1. 5%, V:0. 01-0. 1%, Nb: 
0. 0001-0. 2%. Zr:0. 0001-0. 0 
5%, Ta:0. 0001-0. 05%. B:0. 00 

0 3-0. 0 0 5%(Dot,im^rzit2m&.±.i. 
iz^^-r^zt^^mtri>mm (d izmmonum 

mtmii^HAzmmzmnfcm^mmi^m^mm. 

(3) m^mamrW^ (l0^-7.T•:^'f h)K@) fim 

mite (1) ^fc\t (2) ICie«©S*J!attt«g«^^35HA 

(4) ^SgPHAzailroMArtafS m^-TsT'i-'i 

hnm ^^mmxmizj:<bti O'-zo 0 um x'$)^m 

12 (1) Tis (3) (Di-^-fm^im\zti-m(Dmiiim^t 
mmuH A z mmzmntzWi^mmmmmm. 

[0 0 0 9] (5) BflfB (1) (4) m^tm^l 

3 5 ot:]iiTicjpfjft. m^^BtM^mi^xmrnKMbtz 

A z mmzmnrzWi^mmmmmmmnmi^yjmo 

(6) mm (1) Tis (4) (D^^-rnt^imiztmoym 

(DmBlZt5\^^X. m^^Ac2 *a±. 1 3 5 OtJilT 
SSJ®lC:i5t>Tl^«l£T*T4 0-9 0 %Ofi^lJE5iS: 

(7) mU (1) Tin (4) (^v^-rn;!»u«icie«a)ffl 

(D^iifCiJl^T,. ffl^^Ac3 1 3 5 0'CiilT 

ffi^^(C*5liT^?S/ET^T4 0-9 0 %<D|^rBlJ£5g$ 
L/c^, 1-6 0X:/sec(Dlf^nm&X6 0 Ot:«TST 
?&^-r S ;i <!: i -r t ig^SiSH A Z 1814 

iz®nrznii^mmmm^mm(Dmm-^ik, 

(8) hubb (1) 7!)2 (4) m^-ftif)^imizmw.(Dm 

(DmmiZioi^X. mi^^Ac, 1 3 5 0*CiilT 

\zimm. n^^Bummxmmf±mL. $6i;*b*s^b 
ummzi5\,-^x^m&ymx4 0-9 o%(Dmr^mm^ 

bfz'i^. 1-6 0t:/sec(7)?^J|]ji^T6 0 orii^T^T' 
niiUL. §l$illiT3 0 O'C-Ac, ,^,i;iDliaLTjiM 

Lmn&mt^ ztmmttm^im^tmi^^HAz 
mmz^nrzM^^mmt^i^mm(omi^:^mo 

[0 0 10] 

[^mommmm] Mg, ca, rem^, t^**^?,- 



5 

mt Lxm^^tcm\t:in^^xm^-^nx\'^u\>\ i^fm 
1 1 -2 9 3 3 8 2^'J^m\z%m^nx\^^^u^mm15 

ca. REuo)^mmmh^\fm^i3tj.mtm±^mz 
x\ m^ii^xsw A z m^(Dmm r w^(Dm\:\z9)iW< 

[0 0 11] u^T. -^-^mzmLxmmizm^t^. -Jf 
%m^^\t. T \^w^mLmwmLtz.T^m^\zuE^m 
MLtz^^a)mm(r)mm^^mm\z^^tz. ^(d^ 

Si. Mnllct^liS^fffC. Tima. Mgmaco 

mizmnbtzm-^iz. h^^mr immtugmim^m 
mzm\ ii\zw-m^m\zrji^rz^^mxnmM g 
in-r-5 1 ^ •y-i' 2 a/d:ii L« 3 aici^ 0 jgt" c 
tx\ Mgoimim'^^itmm&x'ii^miz. ^^-Dmm 
miz±iSi-^n^zt^^iiiLrzo ^(ougmmmjiW^ii 
ca^REM^^Mg (DKt>ioizm \^^xh\mizmin. 

mtm^±i$.-^n, ^(DW.^mto. oo5~o. 5u 

m . hl'f-mim'^iZ Im' '^rz<0 1 0 0 0 Ofla±T'$) 

0. ^t}f£\^->iff3i^Lx\^^^z.tmm-^nrzo 
[0 0 12] z:nzi^om.im'^^itmt. mim^^ 
^^\tmtmt LT^ffi(c^ft-r^ =b®«*^ o xfi.<. ?g 
^mmLtzh<D^it^LxmmmtLxm.m-^n^h 

C0fc-^«>Sfe®<tL. Mg, Ca. REM(7)ia$;rc« 

"f-o^mmu. i&m^i^ttjih(DXiiE PUAiz^^xh 

[0 0 13] 7^^mit±m<Dift-^i^(D^mmiz^-DX 
m^^n^mum^tmw^HAzmmzmnrzm^iz 
mt^h<DxhK). mmri&^oymt^mtitsii^rzmm 

fir*ig im^-T.y'i-^ h^m) ^mmmmmiz^'b 
■fioo urn uTX'$)io. -^iizmm^HAzmmom 

1 0~2 0 0 Mm T$)I9. ^ne,©^ ^ □fflMISSBfeL 

T. mim^tmmmHAzmii(DWiijizmnrz^^m 
mi^^tnmmmmmiz^^tmm7:jLy^ hi&mi)n^ 

[0 0 1 4] *^Bq(c43(t^Mg. Ca. REMWiiUD 

ysmxh^f)^. wzm^fz^oiz, mw\z. s i, Mn 



W) *fli2 0 0 3-.4 9 2 3 7 

6 

/cfi. '>fi0Mg (Ca, REMT't)|g^. &,TmC) 
^W^^izmM-r^7fj\ ^^V^ti. T i t/>ft<DMg^|g 

mizmmLfzmz. mmmmx-nmug^^m-r^o & 
jig/j:Mg(D^infi«. Ti^ip^, mmfpizwtEt^m 
mmfi^iz^wt^M, mmxit. ^(DmcDm^mmt 
T i mmtMgmm^X'(Dmmiz^wb. T itug 
Biam^msEf3:mmx'm-tniiSi\^\ ;tt*. hosl 

0«|ieg?^£M g ^.jEinB$©?f 0 . 1 ~ 5 0 ppE 

it'ii!i'pmt^f)^x^^m'ho)mx'$)<o. soppm stsa 

5 <5:ffi:*:;^j:M gi!<k!g5;5tT#-5 cfc ^ \zti. 0 . ezi>;:f 
[0 0 15] C : C««lc4ott§S*r3Sg€l6]±$-fr-5 

TfigiLTo. 0 1 %t;^±0^^)^75^*i^^^g-e*§;5^^ o. 
2%^mA.^mm(Dmmxi:i. mi^<Dmm^^m^o)i& 
Tiie<(Dx\ -ecDiffi^o. 2%tbrzo 

20 JO 0 1 6 ] S i : S i ttilSiilgiKTC^i LTig;>S;i 

Tc^TS)!?. ffl'i'f'o. 0 2%^:x±.(DmtM^'jii'mx$>^ 
0. 5 %<&^^^tHAz^e9^4^<ftT$■t^••5(7)^r■f■ 
n$±E<^:■r^. 

[0 0 1 7] Mn : Mntt. mM(D^m^^ZSm^(Dm 

^ iZ'ii,mfj^7Lmx$>^ f}^. 2 % ^® ^ s <h H A z ^ 
it^tmrnizfi^fziibiz, ^(Dmm^o. 3~2%i-r 

So 

[0 0 18] P : Pitm(Dm^±\zmm^^X^7iMX'$> 
30 0. 0. 0 3%^&S^T^*1-§<!:^«0m^fclWj: 

< H A z ©iitt^:^ L < ia*-rs«T^(D^w$n-5± 

IB^&O. 0 3%iLfc, 

[ooi9]s:stto. 0 3%^m^xmm\zmm^ 

^f)^. ^(D-^mm^^o. 0 0 0 1 %^miztj.^t. i&fH 

LKi&Tt^fzibiZ. 0. 0 0 0 1~0. 0 3%^-?-© 
[0 0 2 0] A 1 : A 1 tSii^flKif^Ji LT^iD$n-5 

40 75^. *f!Bjfct5iiT«, 0. 0 5%m^xmm^n^t 

Mg. Ca. REM(Dmm<D%)i^^mmt^rzisb\z. z 

nS:.hKit"So S/c. Mg, Ca. R EMO^fbtlS: 
^^{C^fiKT-SfcfefCtaO. 0 0 0 5%«itJgT$>0. 

[0 0 2 1 ] T i : T na. Bffi^^iiLT, 

it^j^f&TcM tbx L^^^BW.(Dm&t\zm^^^mt^ 
jimxh^i)^, ^m0mimmit<^(Dmmz^^m^(o 

■r^'ii^mt^$)^^^. m^(Dm^^m^rzii)\z\to. oo 
50 3 %i;{±(Dmm^!ii'mx$>r). ^(Dmm^o. oo3~ 



7 

0. 0 5%t-r-5. 

[0 0 2 2 ] M g : M g (J*^BJ(D±fcS^^7C«T'S) 
0. 0 1 ^^MAT^ljnSn'Si. a:*:/5fi?{b«^ 
T^t./tb-r. L;O^L/j:;)^b, 0. 0 0 0 1 %*ji<7)^ 
fC»I^T#;5£</cC§Ac>5. -5-<7)^j!jn®H^O. 0 0 0 1 

~o. 0 1 %tm^t^. 

[0 0 2 3 ] C a. REM : Ca4od:?>'REMttBS^ti^ 

<DSff;5lp]©4ftt. IflciB^/^T-'f 7-tt$:e!i:S-r 

7i^e>. *f6BJ©ag/d:7i:^afT'*§c Ca. REMtJt 
hizo. 0 0 0 1 %5^iiT't3, t^±©5am;)^#en;ii^ 

0T'Tffi{i$:O. 0 0 0 1 %ICL;t. C a ©^i^ 

IC«0. 0 1%$, REM(75:i^(C«0. 0 5%$gA 
§ <h C a i R E M c7)fi;*c^fl:#lfiaiC7i^'liJ!JP L , mUMfJ. 

-E-'nO. 0 1%iO. 0 5%i:-r-5. 

[0 0 2 4] /d:i3, *5gHj!tC*5l,^Tfi, 3i^4o=fc(lKiJtt 
SriHcS-r^TC^tLT. Cu, KM, Cr> Mo, V, 
Nb. Zr, Ta, BO^^r. 1 ffiS;t«2aR±(D7c 
^ €: ^ Jnf -5 ^ i T" # S o 

[0 0 2 5] Cu : Cu(S. -^tt<£fST$-B-riC§l^(D 
±^iZ^$J}rj.ptmX'3b^f)^. 0. 0 5 %*riT(J^^;)^ 

;jc<. 1. sx^mA.^tmh-mmm'pmmmizmn^ 

^C^t<t^o m.-DT. ^(D^^fi^O. 0 5~1. 
[0 0 2 6] N i : N i iJtt*3cfcDf^g(0atSfCW 

WiyLmr'$>y), ^(om^^n^fztbizito. 05%u 

[0 0 2 7] C r : C r imiii^it\Z.k^m<D^m^\^ 

[0 0 2 8] Mo : Mo«, jffiAntt$:l6]±S-&S 

0. 0 2%U^±(7)^JP*^*^J.S[C 

^i^*^'. 1. 5%im^rz^m(Dmi}mm^Ki±(Dmt 
tthiz. m^<Dmb\'^i&T^hrzibrrc&iz, ^(Dm 

HSrO. 02-1. 5%&,ytt^. 
[0 0 2 9] V : V«, mim. ^ftf^^ffMLSS^CD ' 
[6]±(Cxll^;5^$)-2)7C^T'$.S;^^\ 0. 0 1 %J^T®^JP 

x\t^<7)mmf}^fi<, 0. i%&s^-5^iD"cts, miz 
mfk<Di&T^m<rztbiz, ^(Dmm^o. oi~o. i 

[0030]Nb:Nb«. ^im. ^it^^B^Lm 



(5) 2 0 0 3 - 4 9 2 3 7 

8 

m(D\^±\Z9j)^f}^$)^yimX'Sb^/)^. 0. 0 0 0 1 %til 

T©^,jDT«-^0?i^^Vj;<. 0. 2%^mpi^mmx 
it. mfi(oi&T=&m<rc^\z. ^(omm^o. oooi 

~0. 2%&.Ttt^o 
[0 031]Zr.Ta:Z r tT a h tmmizm 

^m. mt^^m^L^&(D\^±izmw:f)^$>^yii^x'$> 
i>ifi. 0. 0 0 0 1 %^x^<Dmmx'\t^(Dm^mi.< . 
0. 0 s%^m^^mmx\t. m\zm^(r)^y^^<rc 

tb\Z. -^-(DiiHSrO. 0 0 0 1~0. 0 5%iUTtf 
10 •&„ 

[0 0 3 2] B : B«-|$IC. H^-fS iSlAtltt^lf 

^#ai5a)iltt<fc[p]±$-ti-^7t;^Tfe§, t*-:3T, 0. 0 
0 0 3%iil±(D^SPTr-^CDxi^$?lJfflT#^A^ ii*)® 

^ipta. ?0)tt®fgT?&je<Aciiic. ^©±^^0. 0 0 
[0 0 3 3] ±ie®fi!c^$^wr^^«, mmnrnxm 

z }!^M±.(Di^mizmmt^'Si.-mf)^$>^. Lf)^L. 135 
ox:^m^xmmt^t. mm::i^h0m±f)^±c^z 
tt^<b. iipiis^tt 1 3 5 ox,y.Tt L/co 
[0 0 3 4] )k^^x\ m^EM-wmE.i^th\z. 

^Kt^z.t-h^'i^-'^xh^Q. ^tz. Mms.}^^m^^x, 
^m±ntm^i^±^m^m^iz\t. ssic^sige^Bis 
mmxEEmr^^tiz^r):t-7.y-i-( hikp^iz^mm 
^mxb. ys.y^h^mw.^mx-^-^^tifim%xh 
30 ^m^^i$.x(Dmm\s.Tm^AQ%^mx\mw^ 
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